New ostracod species from Lake Alchichica, Mexico even a single lake (Delorme, 1970; Karanovic, 2003 Karanovic, , 2005 Higuti and Martens, 2014) . In North America, 40 extant Candoninae species have been described so far, out of which 65% are endemic (Karanovic, 2006) . In this region, most of the species recorded belong to the genus Candona Baird, 1845 (Karanovic, 2006) . In Canada and the United States Candona species are distributed across a broad range of aquatic ecosystems, but in lakes, they are found predominantly in the littoral zone, where sediments are rich in organic matter and oxygen concentrations are low (Tressler, 1947; Delorme, 1970; Boyd, 1981; Meisch, 2000; Karanovic, 2006) . Candona candida, however, have been found down to depths of 300 m in Loch Morar, Scotland (Griffiths and Martin, 1993) . Some species of the genus are considered permanent residents in deep water habitats, where temperature does not exceed 18°C (Niinemets, 1999) , and occasionally they have been found inhabiting anaerobic environments and groundwater (Boyd, 1981; Meisch, 2000) .
In Mexico, the Candoninae subfamily is still poorly known and only eight species have been recorded: Candona caudata Kaufmann, 1900 (Palacios-Fest et al., 2002 , Candona hipolitensis Tressler, 1954 (Tressler, 1954 , Candona michoa Tressler, 1954 (Tressler, 1954 , Candona patzcuaro Tressler, 1954 (Tressler, 1954 Forester, 1985; Bridgwater et al., 1999; Garduño-Monroy et al., 2011; Chávez-Lara et al., 2012 , Fabaeformiscandona rawsoni Tressler 1957=Eucandona obtusa (Bronstein 1947 (Maddocks et al., 2009) , Pseudocandona punctata (Furtos, 1933) (Czaja et al., 2014) , and Fabaeformiscandona acuminata (Fischer, 1854) , all of them from centralnorthern Mexico, whereas just one, Pseudocandona antilliana, has been found in the southern part of the country (Cohuo et al., 2016) .
Most reports in Mexico came from Quaternary deposits and Holocene sediment sequences, in which species identification relied mainly on shell morphology. Candona patzcuaro, C. michoa, F. acuminata and P. antilliana are the only species in which taxonomic identification was conducted using soft parts and carapace morphology. The frequent occurrence of this group of species in the fossil record in Mexico thus, highlights the importance of gathering ecological information and establish a robust taxonomy on modern taxa, with the ultimate goal of providing accurate paleoenvironmental reconstructions.
Previous studies of benthic invertebrates in Lake Alchichica revealed the presence of ostracods in the littoral, sublittoral (Hernández et al., 2010) and profundal zones (Hernández et al., 2014) . Among them, the recently described Limnocytherina axalapasco Cohuo-Durán, Pérez & Karanovic, 2014 was found in the shallow littoral area of Lake Alchichica (Cohuo-Durán et al., 2014) . Further surveys in this lake revealed the presence of another ostracod belonging to the genus Candona. Here we provide a detailed morphological description of C. alchichica n. sp., a new and most likely endemic species of ostracod that inhabits the saline Lake Alchichica, central Mexico. We also include information about its distribution in the lake, as well as habitat and ecological preferences. Additionally, we complemented the description of valves and male reproductive organs of C. patzcuaro not included in the original description, based on type material and specimens collected from the type locality (i.e., Lake Pátzcuaro, Michoacán), and we also provide a brief assay about its taxonomic position within Candoninae.
STUDY AREA
Lake Alchichica (19°24.7' N, 97°24.0' W, Fig. 1 ) is a maar lake located in the endorheic Oriental drainage basin (4982 km 2 ) on the southeastern Central Mexican Plateau, near the borders of the states of Puebla, Veracruz and Tlaxcala (Alcocer et al., 2000; Filonov et al., 2006) . Climate in the region is semi-arid, with an average temperature of 12.9°C, annual rainfall of <500 mm and a potential evapo-transpiration rate of 1690 mm y -1 (Adame et al., 2008; Alcocer et al., 2000) .
The lake has a surface area of 2.3 km 2 ( Fig. 1 ) and is nearly perfectly circular, with a shoreline length of 5.1 km and a diameter of ~1.7 km. Its greatest depth is 62 m and its average depth is 40.9 m (Filonov et al., 2006) . It is a closed-basin lake with no surface inflows or outflows. The lake is mostly groundwater-fed. The saline (salinity 8.5±0.52 g L -1
, conductivity 13±0.5 mS cm -1 ) and alkaline (pH 8.7-9 .2) water is dominated by bicarbonate, chloride, sodium and magnesium ions (Vilaclara et al., 1993; Alcocer et al., 2000) .
Alchichica is a warm monomictic lake that circulates during the cold dry season, from the end of December or beginning of January to the end of March or beginning of April. The lake remains stratified throughout the warm rainy season (Alcocer et al., 2000) . The shape of the lake basin is almost cylindrical. It has a narrow littoral area surrounded by a discontinuous ring of stromatolites, and a very abrupt slope to depths of 50 m. A flat plateau with gentle slope that ranges from 50 to 60 m depth occupies most of the bottom of the lake (Filonov et al., 2006) .
METHODS

Sampling and taxonomy
Sampling was carried out monthly during the dry season, December 2010-March 2011, covering both the end of the stratification period and the onset of lake circulation, in both the littoral (˂5 m) and the profundal (˃50 m) zones. In situ water temperature, conductivity, dissolved oxygen N o n -c o m m e r c i a l u s e o n l y concentration and pH were recorded with a DS4 Hydrolab multiprobe coupled to a SVR4 Hydrolab logging system. Sediment texture was determined following dry sieving for large particles (sand), and by pipetting wet samples for fine particles (silt and clay) (Folk, 1969) . Particle size was characterized using the classification scale of Wentworth (Welch, 1948; Folk, 1969) . Percent organic matter and carbonate (CO 3 ) in the sediment were determined from weight loss on ignition (LOI) at 550°C and 950°C, respectively (Weber, 1973; Hammer et al., 1990) . Sediment samples were collected from the littoral zone (0.5 m) to the deepest part of the lake (50-62 m) ( Fig. 1) with an Ekman dredge (225 cm² surface area, 15 x 15 x 15 cm). Samples were sieved in situ through a 0.51-mm pore-size mesh (Gray, 1981; Wetzel, 1981) . Samples were preserved with 96% ethanol and transported to the laboratory.
Adult specimens were sorted under a Leica stereomicroscope. Forty specimens (20 females and 20 males) with well-preserved soft parts were dissected. Soft parts were mounted on microscope slides in Hydromatrix mounting media. Non-dissected material was preserved in plastic tubes with 70% ethanol. All original samples were deposited at El Colegio de la Frontera Sur, Chetumal Unit (ECOSUR). A Nikon light microscope was used to characterize the species with the aid of a camera lucida. SEM photographs were taken for right and left valve of eight individuals using a Jeol JSM-5600LV LCM scanning microscope in the Central Microscopy Laboratory, Institute of Physics and with a Hitachi SU1510 scanning microscope in the Institute of Biology, Universidad Nacional Autónoma de México (UNAM), Mexico.
Systematics of the Candoninae subfamily follow Karanovic (2006 Karanovic ( , 2012 , except for Candona patzcuaro (named Eucandona patzcuaro in Karanovic, 2012) . For this species, the incomplete taxonomic information provided in the original descriptions challenge its accurate classification within Candonidae. Therefore, anticipating the results of the species revision carried out in this study, we refer to this species as Candona patzcuaro instead Eucandona patzcuaro (see Discussion).
Terminology for appendages A1, Md, Mxl, L5 and L6 follows Broodbakker and Danielopol (1982) , whereas we New ostracod species from Lake Alchichica, Mexico followed Meisch (1996) for the L7. Terminology for A2 follows Martens (1987) , after revision of the original nomenclature provided by Broodbakker and Danielopol (1982) . Regarding A2, because of the position of the terminal claws, the short one in males is considered to be homologous with the female GM claw, whereas the long one is homologous with the female Gm claw. Lobes on the hemipenis are labeled according to Danielopol (1969) . Setal classification follows Garm (2004) . Abbreviations used in the text and figure captions are, in alphabetical order: A1, antennula; A2, antenna; LV, left valve; L5, L6, L7, first, second and third thoracopods, respectively; Md, mandible; Mdp, mandibular palp; Mx, maxilla; RV, right valve; UR, uropodal ramus.
Morphometric analysis
Following the keys presented by Karanovic (2006 Karanovic ( , 2012 , and original descriptions of species distributed in the region, we observed that the species with higher valve similarities with Lake Alchichica ostracods were Candona patzcuaro. In spite of the similarities between these two species, the Lake Alchichica ostracods did not exactly match the C. patzcuaro description, suggesting they may represent a new species. Careful analysis of the shell dimensions of both the C. patzcuaro and Alchichica ostracods thus needed to be undertaken.
For C. patzcuaro, the morphological description of valves is poor therefore the type material of this species was requested from the Smithsonian Institution-NMNH to obtain a more complete characterization than that provided by Tressler (1954) in the original description. Unfortunately, the C. patzcuaro type material is in poor condition. Nevertheless, Dr. Rose A. Gulledge was kind enough to send us photographs that enabled us to measure and compare the type specimens of C. patzcuaro with the ostracods from Lake Alchichica. Additionally, we carried out two field visits (July 2013 and February 2014) to Lake Pátzcuaro, Michoacán (the type locality), to obtain C. patzcuaro specimens for comparison with the Lake Alchichica animals. Unfortunately, we obtained only isolated valves and carapaces of adult males and females, but not a single living or dead organism with preserved soft parts.
Morphometric analysis of ostracod valves was therefore conducted on both species using organisms collected by us. The right and left valves of 40 individuals (n=20 females and n=20 males) belonging to Alchichica species and C. patzcuaro, were measured with an ocular micrometer (10X). Each data series was log transformed [log 10 (n+1)] and its normality and homogeneity were tested. We ran t-student and non-parametric Mann-Whitney U tests to detect significant differences between valve dimensions of the studied communities from Lakes Alchichica and Pátzcuaro. The software SPSS (version 18.0) was used for statistical analyses.
RESULTS
Systematics (according Karanovic 2006, 2012)
Order Podocopida Sars, 1866 Family Candonidae Kaufmann, 1900 Subfamily Candoninae Kaufmann, 1900 Genus Candona Baird, 1845 Diagnosis (after Karanovic, 2006 Karanovic, , 2012 : LV always overlaps RV. Carapace subtriangular, subreniform or subtrapezoidal. Valve surface usually covered with thickened pore lips from which setae originate. Calcified inner lamella narrow. A1 7-segmented. Most posterior seta on the penultimate segment of A1 present. A2 sexually dimorphic, in the male the endopod is 4-segmented and carries two sexual bristles (transformed t-setae). Terminal claws G1 and G3 are reduced, z2-seta is transformed into a claw, z1-seta clawlike or seta-like, but always much longer than terminal segment and z3 always seta-like. Protopod in female is 3-segmented. Md palp 4-segmented, second segment internally with 5 + 1, 4 + 2 or 5 + 2 setae. L5 in males with hooklike or elongated palps. L6 5-segmented with the basal segment carrying one seta. L7 4-or 5-segmented. Basal segment with two setae (d1 and dp) and terminal segment with h2 and h3 setae long, while h1 seta short, but never shorter than the terminal segment itself. UR with both claws and both setae present. Posterior seta always reaches at least the distal end of posterior margin, and is usually much longer. On hemipenis, the part 'g' is well sclerified and all three lobes are present. Zenker organ with seven whorls of spines. Female genital lobe with or without extension.
Candona alchichica sp. nov. (Figs. 2-7)
Material examined. Holotype: male dissected on one slide (ECO-CH-Z-07792). Allotype: female dissected on one slide (ECO-CH-Z-07794). Paratype: one male (ECO-CH-Z-07793) and one female (ECO-CH-Z-07795) dissected on separate slides.
Other material: two males (ECO-CH-Z-07796, ECO-CH-Z-07797) and one female (ECO-CH-Z-07798) from the type locality, dissected on separate slides.
Type locality. Lake Alchichica 19°24.7' N, 97°24.0' W, Puebla, Mexico.
Etymology. This species is named after Lake Alchichica, where the species was collected in high abundances. The name should be treated as a noun in apposition.
Differential diagnosis: medium-size ostracod slightly exceeding one mm in length. Dorsal margin somewhat rounded, gently sloping toward anterior end, steeply sloping toward posterior end. Greatest height at around the last third of the shell. Anterior margin narrowly rounded, posterior margin distinctly more broadly rounded. Marginal pore canals straight. Male valves with a small triangular projection around the mouth region. Valve surface with N o n -c o m m e r c i a l u s e o n l y thickened pore lips from which seta originate. A2 sexually dimorphic, in males the z1 and z2 setae claw-like. Second segment of mdp with 5+1 setae. Male prehensile palps asymmetrical, the right one stout and arched, the left one is slightly elongated. Both palps have a hook-like appearance and two long projections. Fingers are positioned at 90° with respect to the palp. UR straight, with posterior claw exceeding half the length of the anterior claw. Hemipenis with g-structure well sclerotized and exceeding the distal end of b-lobe. Lobe 'a' with a small pointed projection at the base. Lobe 'h' distally square-shaped. Female genital field with a long digitiform process. (Fig. 2) . Greatest height at around the posteriormost third of the shell. Anterior margin narrowly rounded, and slightly projected downwards. Posterior margin broadly rounded. Ventral margin concave around the first third of the shell and with a small projection at the mouth region, more pronounced in LV than in RV. Calcified inner lamella shorter posteriorly than anteriorly, anteriorly equaling 9.6% and posteriorly 3.8% of total length of the valve (Figs. 2 C,D and 3 C,D). Marginal pore canals straight, hairs more abundant anteriorly than posteriorly. Muscle scar imprints consist of six grouped scars and two additional elongated ones more anteriorly (Fig. 3C ). Valve surface smooth, but covered with abundant thickened pore lips from which setae originate. Length of valves: LV=1.23 mm, RV=1.12 mm. Fig. 4A) . 7-segmented. First segment (CB) anteriorly with two serrulate setae; postero-distally with two unequally long setae, longer one serrulate and reaching the distal end of fifth segment. Second segment with one antero-apical smooth seta that exceeds the end of the penultimate segment. Third segment carries a single apical smooth seta that reaches the proximal end of the terminal segment. Fourth segment with two long and smooth setae antero-distally; postero-distally on the same segment, one relatively short apical seta that does not reach the distal end of the penultimate segment. Fifth segment antero-distally with two long and bare setae; postero-distally with one short seta, not reaching the distal end of terminal segment. Sixth segment with five smooth and long setae of unequal length, all of which far exceed the distal end of the terminal segment. Terminal segment carries three unequally long setae and the aesthetasc ya, which is 1.9 times longer than the segment that carries it. Length ratios of the last five segments are as follows: 0.4: 0.9: 0.8: 1.1: 1.
A1 (
A2 (Fig. 4 B,C) . 6-segmented. Coxa carries two setae distally, the shorter one hairy. Basis postero-distally with one long and bare seta that just exceeds the distal end of following segment. Exopod (Ex) is reduced to a plate with one long and two small setae. Longer seta reaches the distal end of the following segment. First endopodal segment with aesthetasc Y, 1.3 times as long as the terminal segment. Postero-distally on the same segment, two long and bare setae exceed the distal end of terminal segment. Second endopodal segment with aesthetasc y2 relatively short. On distal end, the three t-setae are present. Seta t1, thin and relatively short, just reaching the distal end of following segment. Setae t2 and t3 transformed into sex- Both bristles end with a triangular structure and exceed the distal end of the terminal segment. Third endopodal segment with the three z-setae present. Setae z1 and z2 transformed into long and strong claws, whereas z3 is seta-like, just exceeding the distal end of the terminal segment. Claws G1 and G2 strong and distally slightly serrate. G1 claw is 5.1 times longer than terminal segment, whereas G2 is 6.2 longer than the same segment. Claw G3 transformed into a seta, which is thin and 3.4 times longer than the terminal segment. Fourth endopodal segment (terminal segment) carries the claws GM and Gm, which differ in length, Gm almost reaching the tip of G2, whereas GM is short, equaling 2.8 times the length of the segment that carries it. Both claws are distally serrate. Aesthetasc y3 is slender and two times longer than the terminal segment.
Md palp 4-segmented (Fig. 4D ). First segment with four setae. Most proximal seta is long and serrulate and it exceeds by far the distal end of terminal segment. Seta S1 long and pappose, seta S2 short and basally widened, α-seta slender, smooth and relatively long, overpassing the distal end of following segment. Second segment with setal group consisting of 5+1 setae. Seta β thin and slender. Ventero-distally on this same segment, two bare and subequally long setae are present. Third segment carries six distally serrulate setae. Seta γ relatively slender and by far exceeding the distal end of terminal segment. Fourth segment (terminal segment) almost equally long as wide and carries two claw-like setae and two thin setae.
Mxl (Fig. 4E) . Palp 2-segmented. First segment elongated and carries four apical long and bare setae. Terminal segment almost equally long as wide and carries five ter- minal setae, the central one being strong and narrowly fused with the segment. Third endite with six terminal setae. Second endite with seven terminal setae. First endite with nine setae, longer one serrulate. Two additional setae are present on the base of this endite, the shorter one being serrulate.
L5 (Fig. 5A, B) . Palp asymmetrical, right one (Fig.  5A ) stocky with the dorsal margin sinusoid and with two well-developed sub-terminal projections. Finger wide with a hook-like appearance positioned at around 90° with respect to the palp. Left palp (Fig. 5B) smaller than the right one, with the finger compressed and positioned at 90° with respect to the palp. Two long and one short subterminal projections are present. Protopodite apically with nine subequally long setae and three serrulate subterminal setae. Setae a, b and d present.
L6 (Fig. 5C) . 5-segmented. Basal segment with one bare seta (d1). First endopodal segment slightly hirsute and with a relatively long and serrulate e-seta. Second endopodal segment with f-seta exceeding the distal end of following segment. Third endopodal segment with g-seta long, by far overpassing the distal end of the terminal segment. Terminal segment with a long claw (h2) and two lateral short setae (h1 and h3). Distal claw equals the length of last three segments combined. L7 (Fig. 5D) . 4-segmented. Basal segment with d1 and dp setae long and serrulate. Second segment bare. Third segment with g-seta thin and by far exceeding the distal end of the terminal segment. Fourth segment (terminal segment) with h2-seta serrulate and elongated, 10.3 longer than the segment that carries it. Seta h1 serrulate and two-thirds the length of seta h2. Seta h3 setae 9.4 times as long as the terminal segment. (Fig. 5F ). Ramus straight. Anterior claw distally serrate and reaching the middle of the ramus. Anterior seta short and smooth, equaling one fifth of the anterior claw. Posterior claw slightly curved and distally serrated, reaching two fifths the length of the ramus. Posterior seta smooth and slightly smaller than posterior claw. UR attachment (Fig. 5E ) elongated and distally bifurcated.
Hemipenis (Fig. 5G) . Lobe 'a' elliptical with blunt tip, basally with an elongated digitiform projection. Medial lobe ('b' lobe) well-sclerotized with evenly rounded distal margin. Lobe 'h' narrow and elongated with a squarish shape at distal margin. Part 'g' well-sclerotized and exceeding the distal end of the medial lobe. The tip has a boxing glove appearance. Zenker organ with seven whorls of spines.
Description of female:
Carapace slightly smaller than male (Figs. 6 A,B and 7 A,B). Dorsal margin is slightly rounded with the greatest height at the last third of the shell (Fig. 6 A,B) . Postero-dorsally the margin slopes steeply, forming a small depression (Fig. 7 A,B) . Anterior margin narrowly rounded and slightly projected downward. Posterior margin square in shape and broader than the anterior margin. On ventral margin the triangular projection in the mouth region is absent. Calcified inner lamella (Fig. 7C, D) slightly differing in length from male. Anteriorly equaling 9.6% and posteriorly 6.7% of total length of the valve. Muscle scar imprints as in males, consisting of five grouped scars ( Fig. 6D; 7C) , most posterior ones, elongated. Valve surface mostly smooth, but with a net reticulation close to the margins (Fig. 6C) . Valves overlap as in male.
Carapace size: LV=1.12 mm and RV=1.09 mm. A1. Similar to that of the male with exception of the two anterior setae in the fourth, and five segment, which are shorter than in male. A2 (Fig. 7E) . 5-segmented. Coxa with apical setae shorter than in males, the shorter one is hairy. The basis and first endopodal segment similar to male. On the second endopodal segment all four t-setae present, and extending beyond the distal end of the terminal segment.
Only two z-seta were observed, both short and slender, not reaching the half-length of distal claws. G1 and G3 claw strong and elongated five times as long as terminal segment. Claw G2 reduced, equaling three times the length of terminal segment. Postero-distally on this same segment the aesthetasc y2 is short. Third endopodal segment (terminal segment) with GM almost reaching the tip of both G1 and G3 claws, whereas Gm smaller, equaling 3.3 times the length of terminal segment. Aesthetasc ya short and accompanied by one seta which is thin and relatively short. Md, Mxl as in male.
L5 (Fig. 7F ). Endopodite hirsute with three serrulate and subequally long setae. Exopodite consisting of two rays. Protopodite with setae 'a', 'b' and 'd' present. Apically with ten smooth or serrulate seta and four additional sub-terminal setae.
L6 (Fig. 7G ) and L7 ( Fig. 7H ) as in male. UR and genital process (Fig. 7I) . Ramus slightly curved. Anterior claw slightly exceeding half the length of the ramus. Anterior seta short, reaching one fifth of the adjacent claw. Posterior claw curved, shorter than half the length of the ramus. Posterior seta slightly smaller than the anterior claw. Genital field with a finger-shaped projection with the last third widened and a pointed tip. Genital process equaling 55% of the length of the ramus.
Candona alchichica n. sp. and C. patzcuaro shell morphometry
Candona alchichica n. sp. resembles C. patzcuaro in carapace morphology, making it difficult to distinguish the two taxa using valves only. To clarify the taxonomic position of C. alchichica n. sp., and identify characters that can be used to distinguish between the two putative taxa when appendages are lacking, a morphometric analysis of both species was conducted. Because C. alchichica n. sp. displays sexual dimorphism, morphometric analyses were conducted separately for male and female adult specimens. The C. alchichica n. sp. male LV shows a mean length of 1.23±0.04 mm, but the difference between the smallest and largest specimen analyzed was ~0.15 mm (Tab. 1). Similarly, the RV was about 1.19±0.05 mm in Tab. 1. Candona alchichica n. sp. valve dimensions (mm) of adult males and females from Lake Alchichica. Candona patzcuaro also showed sexual dimorphism, with female specimens being smaller than males (Figs. 8  and 9 ). In males, LV (1.27±0.03 mm) is slightly larger than RV (1.25±0.03 mm) and the former overlaps the latter anteriorly and posteriorly. The difference in valve length was about 0.13 mm (Tab. 2). Female LV was about 1.14±0.02 mm average length and RV was 1.11±0.02 mm. The difference between the smallest and largest specimen of the population was only 0.08 mm (Tab. 2).
C. alchichica
Comparison of the two species showed the length and width of both right and left valves of C. patzcuaro males are larger (P˂0.05) than those of C. alchichica n. sp. In contrast, the right and left valves of C. alchichica n. sp. males are taller (P˂0.05) than those of C. patzcuaro males. In the case of females, the right and left valves of C. alchichica n. sp. are significantly longer and taller (P˂0.05) than those of C. patzcuaro. The right valve of C. alchichica n. sp. is wider (P˂0.05) than that of C. patzcuaro females as well. 
Candona alchichica n. sp.: distribution and habitat
Candona alchichica n. sp. is most likely a benthic species because it was observed dwelling exclusively in the sediments and among aquatic plants. It inhabits areas of the lake from the shallow littoral zone, where waters are warm and well oxygenated, to the deepest portion of the lake at 62 m, where waters are cold and anoxic for 7-9 months of the year (Hernández et al., 2014) . In the littoral zone, but not in the deep zone, C. alchichica n. sp. co-occurs with another ostracod species, Limnocytherina axalapasco Cohuo, Pérez & Karanovic 2014 .
The environmental range where C. alchichica n. sp. was collected is presented in Tab. 3. Conductivity and pH values display a narrow range compared to the other water variables such as temperature and dissolved oxygen. In contrast, sediment composition varies widely, from low to high concentrations of organic matter and sediment carbonate content (Tab. 3). This species was found to inhabit both sandy and muddy sediments.
DISCUSSION
Candona alchichica n. sp. morphological affinities
Candona alchichica n. sp. belongs to the acuminata group of species because on the second segment of the mdp, the setal group consists of 5+1 setae, the male prehensile palps have a hook-like appearance, and in females, the genital process is well developed. The acuminata group of Candona currently has 34 species distributed worldwide (Karanovic, 2006 (Karanovic, , 2012 , out of which C. tahoensis Ferguson, 1966 and C. ohioensis Furtos, 1933 are closely related to C. alchichica n. sp. Candona patzcuaro, despite is not included in the acuminata group, mostly because of the absence of detailed morphological description of the soft parts, showed the closest relationship with the new species, particularly with respect to shell morphology. All species mentioned above share the following characteristics: prehensile palps hook-like, posterior margins in female valves slightly inclined, female genital process finger-shaped, and in the male hemipenis, lobe 'a' is inclined, not reaching the distal end of lobe 'b'.
Candona alchichica n. sp., differs from C. tahoensis in the following characteristics: the latter species has rectangular-shaped valves, the male prehensile palps are robust and elongated, and on the hemipenis the a-lobe lacks a basal projection, the h-lobe extends beyond the distal end of the b-lobe, and the 'g' part ends in a foot-shaped structure, all characteristics different from those of the Mexican species.
Candona alchichica n. sp. differs from C. ohioensis in that the left prehensile palp of the latter species has a well-chitinized bump on the ventral part of the finger, which is absent in C. alchichica n. sp. Additionally the hemipenis of C. alchichica n. sp. has the 'g' part ending in a boxing-glove-like structure, whereas it is foot-shaped Tab. 2. Candona patzcuaro valve dimensions (mm) of adult males and females of Lake Pátzcuaro. Lobe 'a' in C. ohioensis also lacks the basal projection observed in C. alchichica n. sp. Candona alchichica n. sp. and C. patzcuaro are very similar in carapace and soft part morphology. In soft parts, the lobes of the hemipenis have similar positions and lengths, and the a-lobe in both species has the digitiform projection at the base (Figs. 5G and 10 C,G) . Furthermore, the male valves of both species have the small triangular projection around the mouth region (Figs. 2 A,B and 8  A,B,E) . The main differences in soft part between them are however, as follows: C. alchichica n. sp. has on the male prehensile palps the fingers more robust and elongated. They are narrowly positioned with respect to the palp (Fig. 5 A,B) . Candona patzcuaro male prehensile palps, however, have thinner fingers, well separated from the palp (Fig. 10D) . On the hemipenis of C. alchichica n. sp., the b-lobe is distally rounded and the h-lobe elongated, extending beyond the distal end of the b-lobe (Fig.  5G ). In contrast, C. patzcuaro hemipenis has the lobe 'b' slightly pointed and the h-lobe does not extend beyond the distal end of the b-lobe (Fig. 10 C,G) .
C. patzcuaro
In regard to valves, the size variability of both C. alchichica and C. patzcuaro indicates that specimen length can overlap, making it difficult to differentiate between species based on shell size alone. Thus, additional characters, such as height of the shells, must be considered to discriminate between them. Candona alchichica n. sp. has significantly higher shells than C. patzcuaro, in both male and female specimens. Candona alchichica n. sp. also has valves compressed, with the dorsal margins slightly rounded (Figs. 2 and 6 ). The anterior margin is considerably narrower than the posterior margin which is broadly rounded and projects downward (Figs. 2 and 8) . In contrast valves of C. patzcuaro are more rectangular and elongate, with dorsal margins flat (Figs. 8 and 9 ). Anterior and posterior margins are almost the same width (Figs. 8 and 9) .
In regard to C. michoa, which is currently considered as synonym of C. patzcuaro, the most divergent characteristics with C. alchichica n. sp. are the valve shape and length. In C. michoa dorsal margin are flat and gently sloping upward toward posterior end, while in C. alchichica n. sp. the dorsal margin is rounded with a steep sloping upward. Valves are similar in length, C. michoa is around 1.16 mm and C. alchichica n. sp. is 1.17±0.05 mm, but they differ in height. Candona alchichica n. sp. valves are taller (0.66±0.02) than C. michoa valves (0.58 mm). Other differences can be found in L7, setae h2 and h3 are equal in length in C. michoa but in C. alchichica n. sp. h3 is smaller than h2 seta. In the UR terminal claw in C. alchichica n. sp. exceeds half length of the ramus, whereas in C. michoa the same claw just reach the half length of the ramus.
Taxonomic position of C. patzcuaro and C. michoa
The definitive taxonomic position of Candona patzcuaro is still under discussion because both males and o n l y females are poorly described and illustrated. As a result, it is possible to find in the literature divergent descriptions and broad ecological tolerances attributed to this species. Delorme (1970) reported that it has a broad geographic distribution, because he found it across the southern Canadian prairies. He also provided a characterization of the species, based on pictures of the shell and soft parts of the Canadian specimens. Karanovic (2006) used this characterization to compare C. patzcuaro with other North American species. She concluded that there was not enough evidence to retain it as distinct taxon, and concluded it was synonymous with Eucandona obtusa Bronstein, 1947 , E. michoa Tressler, 1954 and E. rawsoni Tressler, 1957 . Later, Martens and Savatenalinton (2011 in their checklist of the freshwater ostracod fauna of the world retained the C. patzcuaro as valid taxon, but transferred it to the genus Fabaeformiscandona. They did not, however, provide any taxonomic information to support this change. Finally, Karanovic (2012) reconsidered C. patzcuaro as valid, but she included it in the genus Eucandona and proposed that E. michoa was a synonym of this species. In this study, we use the name Candona patzcuaro for this species, because although we were not able to study all soft parts, appendages from the type specimens of C. patzcuaro, particularly the male reproductive organs (Fig. 10 C,D,G Cohuo et al. 2006 ). This classification is however provisional and a detailed taxonomic analysis of the species is needed. We also found that photographs of the southwestern Canadian specimens provided by Delorme (1970) enable differentiation from the C. patzcuaro type specimen, especially pictures of the reproductive organs, which suggest that they are, in fact, different species. The hemipenis in C. patzcuaro sensu Delorme (1970) has the b-lobe much elongated and pointed, the a-lobe is centrally positioned, and the prehensile palps have the fingers largely elongated. In contrast type specimens of C. patzcuaro has a short b-lobe that is broadly rounded at the distal end and the a-lobe is laterally positioned, with a small projection at the base and with the distal end rounded (Fig. 10C) . We thus distinguish between Candona patzcuaro and the Canadian species, but leave the taxonomic assignment of the latter species open for now.
We also observed that Candona michoa valves are highly similar to the female valves of C. patzcuaro reported in this study for both length and height. They also display similar shape, particularly in regard of the dorsal margin. In addition, the fact that the two species were described from the same lake and that in the description of C. patzcuaro female lacks, we consider that C. michoa may represent the female form of C. patzcuaro. We therefore keep C. michoa as synonym of C. patzcuaro, but still the revision of the type material of these two species is required to test this hypothesis.
Comparative ecology of C. alchichica n. sp. and C. patzcuaro Candona alchichica n. sp. and C. patzcuaro reside in Lakes Alchichica and Pátzcuaro, respectively, both located in the region known as the trans-Mexican volcanic belt. According to Alcocer and Bernal-Brooks (2010) the lakes are located at the same latitude (19° N) and similar altitudes (Pátzcuaro=2035 m; Alchichica=2300 m); however, Lake Pátzcuaro is large (18 km long, 8.4 km wide, 90 km 2 surface area) and shallow (9.4 m and 4.9 m, maximum and ) with sodium chloride (NaCl) water. Lake Pátzcuaro is warm polymictic, turbid (Z SD =0.1-0.5 m) and eutrophic (Chl-a=59.8 mg m -3 ); conversely, Lake Alchichica is warm monomictic, clear (Z SD =5 m) and oligotrophic (Chl-a=0.2-2.2 mg m -3
). This highlights that the two aquatic ecosystems display different limnological properties, which probably accounts for the presence of two different species.
Candona patzcuaro inhabits the shallow littoral area (≤1 m), with coarse sediments dominated by clayey sand that is rich in organic matter (plant detritus), and where there are abundant macrophytes. The water was turbid, warm and poorly oxygenated. Candona alchichica n. sp. inhabits depths from the shallow littoral area down to the deepest portion of the lake (62 m), suggesting a tolerance of a broad range of environmental variables. The littoral area where the species was found is sandy and rich in organic matter, and it is covered with macrophytes (i.e., Zoostera marina and Cyperus laevigatus) and benthic algae (Ramirez-Garcia and Novelo, 1984) . The deep benthic zone has fine sediments dominated by clayey silts with high organic matter content (algae detritus); higher aquatic plants are absent in the aphotic depths. The water is clear, with temperatures varying from comparatively warm (18-25°C) in the littoral, to cold (down to 14°C) in the deep part of the lake. Dissolved oxygen content was also variable ranging from 6.5-9.1 mg L -1 in the littoral, but from only 6.5 mg L -1 during the circulation period (January-March) to anoxic during the period of stable stratification (April-December) (Alcocer and BernalBrooks, 2010) .
Distribution of C. alchichica n. sp. and C. patzcuaro
As far as we know, the geographic range of C. alchichica n. sp. is restricted to Lake Alchichica. Thus, the extinction risk evaluation method for the wildlife in Mexico (abbreviated MER in Spanish), partially based on Gärdenfors et al. (2001) , results to be very restricted. This category applies to micro-endemic species with limited distributions in Mexico (<5% of the Mexican territory). Lake Alchichica qualifies for this category because its surface area is about 2.3 km 2 , representing ~0.0001% of the Mexican territory (1.96 x10 6 km 2 ). Candona alchichica n. sp. is here therefore suggested as the 8 th endemic species described for Lake Alchichica, which include the diaptomid copepod Leptodiaptomus garciai (Osorio-Tafall, 1942; Montiel-Martínez et al., 2008) , the atherinid fish Poblana alchichica (De Buen, 1945) , the hemipteran Krizousacorixa tolteca (Jansson, 1979) , the (Brandon et al., 1981) , the isopod Caecidotea williamsi (Escobar-Briones and Alcocer, 2002) , the diatom Cyclotella alchichicana (Oliva et al., 2006) , and the harpacticoid copepod Cletocamptus gomezi (Suárez-Morales et al., 2013) .
Candona patzcuaro contrastingly was previously considered as widely distributed throughout the Nearctic region (Tressler, 1954; Delorme, 1970) . Our study, however, suggests that the distribution of this species might be more restricted than previously thought, because species considered to be C. patzcuaro from Canada were probably misidentified. Therefore a careful analysis of the distribution ranges and ecological preferences of this species is required, particularly because of its frequent use as paleobioindicators of past climate change in the region.
CONCLUSIONS
Candona alchichica n. sp. is a new ostracod species that appears to be endemic to Lake Alchichica, Puebla, Mexico. The taxonomic analysis revealed its affinity with the North American fauna, and in particular, it showed close morphological relationship with C. patzcuaro, C. tahoensis and C. ohioensis. Nevertheless, C. alchichica n. sp. differs from these species in that the prehensile palps are compressed, with the fingers positioned at 90°w ith respect to the palp, the hemipenis has the a-lobe inclined with a projection at the base, and the g-structure ends with a boxing-glove shape. In females, the genital field has a digitiform projection, wide at the middle and narrow at the end. Morphometric analysis of Candona alchichica n. sp. and C. patzcuaro shells showed that in spite of their overall size and shape similarities, several specific characteristics serve to distinguish between them, C. patzcuaro possesses slightly smaller female and slightly larger male shells compared to C. alchichica n. sp. and valves of C. alchichica n. sp. are taller than those of C. patzcuaro. These characteristics are important, especially if no soft parts are preserved.
Ecologically, Candona alchichica n. sp. inhabits saline, NaCl waters, which are alkaline, oligotrophic, relatively cold, and transparent, as in Lake Alchichica. It is a benthic species that inhabits areas from the littoral zone to the greatest depths of the profundal zone (62 m), in sandy and muddy sediments that are rich in organic matter, vegetated or bare substrate.
This study highlights the importance of reliable, detailed identification of ostracods to species level, particularly if valve remains in sediments are to be used for paleoecological and paleoclimate inference. Candona alchichica n. sp. and C. patzcuaro valves are morphologically similar, but they display radically different ecological preferences. Thus, misidentification of these species could confound data interpretations and lead to erroneous paleoenvironmental inferences.
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